A New, Updated Antarctic Sea-ice Record
Passive microwave (PM) satellites provide the only wholly comprehensive spatial and temporal monitoring of Antarctic sea-ice-a fully coupled component of global climate that lacks adequate representation in climate models (Hanna 1996) . Existing published series (Cavalieri et al. 1997 , Bjorgo et al. 1997 ) consider data only to December 1996 and August 1995 respectively. Because of the potential sensitivity of the sea-ice cover to changing atmospheric, oceanic and climatic conditions, the construction and analysis of a more recent record is warranted. The Bristol sea-ice concentration algorithm (Smith 1996 showed that Antarctic (hemispheric) sea ice extent increased by 3.7(+0.3)% and area by 6.6(+1.5)% (annual means of monthly trends). Sea-ice extent is the aggregate area of image pixels eontaimng > 15% sea-ice, while sea-ice area is the area actually covered by sea-ice in pixels of >15% concentration, i.e. extent times concentration for all such pixels. Because area •nereased faster than extent, the ice became slightly more consolidated, with mean concentration increasing by 2.8(+1.7)%. Error estimates are based on a tie-point sensitivity study and temporal random error and spatial error analysis (Hanna 1998 Most of the positive sea-ice trends occurred from MarchOctober (i.e. Southern autumn/winter), peaking in April (9.0% in extent and 18.9% in area). In September, the month of maximum coverage, hemispheric extent (area) grew by 5.8(9.9)%. Part of the upward trend can be attributed to a jump in sea-ice coverage in 1998 compared with previous years. September 1998 extent (area) was 2.7 (3.0) standard deviations (SDs) above the 1988-99 September mean, and therefore statistically anomalous at the 5% significance level (Table 1) . This anomalously high Antarctic sea-ice coverage was particularly pronounced in the Ross Sea and W Pacific Ocean areas (Fig. 2) . However, ice coverage was 'normal' again the following winter (1999). Removing the 1998 value from the September set of hemispheric figures still leaves upward trends for Antarctic sea-ice extent (area) of 3.1 (4.0)%.
Conversely, November-February (Southern summer) had small or negative trends, with the most notable decreases in December (3.6% in extent and 6.9% in area). In February, the month of minimum Antarctic sea-ice coverage, there was relatively little net change, but since there is so little ice in summer anyway, the percentage changes are not notable. Therefore there has been an increase in seasonality of the ice, primarily seen as greater autumn and winter coverage, during these twelve years.
Unusually Large Pacific Ocean Ice Cover in Winter 1998
We refer to the Antarctic regional sectors used in Gloersen et al. (1992) (Fig. 2) The unusually extensive Antarctic sea-ice in September 1998, split by sector, was anomalous only in the Ross Sea (extent and area) and the W Pacific Ocean (area only). These anomalies, while still significant at the 5% level, are not so sthking as the hemispheric one for the same month, due to much greater interannual fluctuations in regional ice coverage (Fig. 3) (successive hemispheric winter ice maxima were remarkably constant).
It is curious that the months of greatest negative (greatest positive) sea-ice extent and area trends in the Weddell Sea coincided with those of greatest positive (least positive) trends in the Ross Sea (Fig. 4) Apart from concerns about future climatic change, there are suggestions from whaling records of a reduction in Antarctic sea-ice cover in the 1960s much larger than changes so far seen in the hemispheric satellite record (de la Mare 1997). Ongoing, improved satellite monitoring and accurate data evaluation will likely prove paramount for providing early warning of possible perturbations to the (currently hemispherically stable) Antarctic sea-ice system.
